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Objective: Comparing the inflammatory and immunological trajectories in burned adults versus burned elderly patients to gain novel insights and better understanding why elderly have poor outcomes. Summary Background Data: Despite receiving the same treatment and clinical consideration as all other burn patients, elderly patients continue to have substantially poorer outcomes compared with adults. In light of an aging population, gaining a better understanding of their susceptibility to complications and creating new treatment strategies is imperative. Methods: We included 130 burn patients (94 adults: <65 years old and 36 elderly: !65 years old) and 10 healthy controls in this study. Immune activity and expression was assessed using bioplex at various time points. Clinical outcomes such as infection, sepsis, and mortality were prospectively collected.
Results: Elderly burn patients had significantly lower burn size but significantly higher Baux scores. Morbidity and mortality was significantly increased in the elderly cohort. Immune biomarkers indicated that elderly are immune compromised and unable to respond with the expected inflammatory response during the early phase after injury. This trajectory changes to a hyperinflammatory pattern during the later phase after burn. These findings are even more pronounced when comparing sepsis versus nonsepsis patients as well as survivors versus nonsurvivors in the elderly. Conclusions: Elderly burned patients mount a delayed immune and dampened inflammatory response early after burn injury that changes to an augmented response at later time points. Late-onset sepsis and nonsurvivors had an immune exhaustion phenotype, which may represent one of the main mediators responsible for the striking mortality in elderly.
Keywords: burn, cytokines, elderly, inflammation, morbidity, mortality, sepsis (Ann Surg 2016; 264:195-202) O lder adults represent the fastest growing population and presently account for over 14% of Canadians with estimations placing more elderly than children by 2016. 1 Owing to age-related cognitive and physical limitations, the elderly are particularly susceptible to burn injuries. 2 These include thinning of the skin, decreased sensations, mental alertness, and other contributing factors. Thus, the increased risk and heightened probability of the expanding elderly population suffering from burn injuries require burn treatment paradigms to incorporate the treatment tailored to older subjects. The major causes of thermal trauma in elderly include flame burn (66%), cooking accidents (33%), scald burns (15%), and contact injuries (15%). 3 Although the institution of early excision and grafting, implementation of ICU protocols, adequate nutrition, and improvements in wound healing markedly increased the survival of pediatric and adult burn patients, the LD50 burn size in elderly has remained the same, indicating the lack of advancements in elderly burn care.
The trauma of a severe burn injury induces distinct systemic inflammatory and immunological responses primarily mediated by cytokines and has been shown in pediatric and adult burn patients. [4] [5] [6] Cytokines are a group of proteins with autocrine and endocrine activities that facilitates communication between different cell types, including those that mediate immune function, angiogenesis, cell proliferation, and apoptosis. They also regulate homeostasis and cellular repair through effects on cell growth and differentiation via receptor activation. Various cytokines, such as interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF), have been utilized as markers related to the severity of burn injury. [7] [8] [9] Our previous work on a large prospective study of 242 burn patients showed that the entire inflammatory response was profoundly altered up to 2 to 3 years post burn. 10 Pro-inflammatory cytokine synthesis or ''cytokine storm'' is a systemic response to manage deleterious effects of thermal injury in an attempt to restore homeostasis. However, when this response is prolonged post trauma, it can result in stress-induced hyperglycemia, insulin resistance, hypermetabolism, and catabolism, which are precursors to the aforementioned negative outcomes. [11] [12] [13] In general, elderly have a unique immune profile compared with adult and pediatric patients. Despite having diminished immunity, older individuals have higher baseline levels of pro-inflammatory cytokines in the absence of insult and consequently have an increased risk of complications. 14, 15 Some of the factors contributing to poor outcomes include pre-existing medical conditions, frailty score, immune-senescence, impaired ability to overcome postburn infections, skin thinning leading to deeper burns, and generally decreased metabolic resources and capacity. [16] [17] [18] [19] [20] [21] When comparing gender differences, previous reports have shown female adult burn patients have poorer outcomes and paediatric females have increased hormone secretion and less inflammation. [22] [23] [24] [25] This has been attributed in part to the immune-enhancing effects in premenopausal females. 26, 27 However, no gender differences were reported for the increased risk of mortality for female patients over 60 years of age. 28 The exact relationship between gender and outcomes in elderly burn patients remains inconclusive. Inflammation is a key factor in the progressive loss of lean tissue and impaired immune function observed in aging, suggesting a predisposition to hypermetabolism. Therefore, we hypothesize that elderly have a hyperinflammatory response after injury associated with an overactivated immune response that would explain increased morbidity and mortality after burn. Hereon, we aim
METHODS
This study was approved by the Research Ethics Board, Sunnybrook Health Sciences Centre (REB#: 194-2010). Informed consent was obtained from patients or from their Substitute Decision Makers.
Demographics
All patients were treated according to standardized protocols in our regional burn center as previously published. 29 Demographic and clinical data, complications, including infection, sepsis, morbidity, and mortality were all prospectively collected from 2010 to 2014. Patients were divided into adult, younger than 65 (<65) years and elderly (!65) years of age, as defined by the National Institute of Health and World Health Organization. To examine the effects of elderly status, we used logistical regression analysis for dichotomous outcomes, adjusting for age, Total body surface area (TBSA), and inhalation injury. The clinical complications presently reported include respiratory, renal, liver and cardiac failures, multiple organ failure (MOF), pneumonia, bacteremia, infection, and sepsis are consistent with previously established criteria. 30 All subsequent cytokine analysis of immune activity was conducted using subsets of this clinical population and is described below.
Bio-specimen Collection and Processing
EDTA-anticoagulated samples were drawn upon admission and at various time points throughout hospital stay. Blood samples were processed using a standard Percoll-based PBMC isolation from the periphery. Timeframe of collection was measured as their days post injury. Most admissions occur within the first 48 hours after injury with samples collected upon admission, during early excision and grafting, and subsequent procedures (collection dates ranging from 0 to 140 days).
Cytokine/Inflammatory Profile
A subset of patient samples from the prospective tissue collection (2010-2014) was used to compare inflammatory profiles between adult and elderly patients. Using the Multiplex platform (Millipore, MA), a panel of inflammatory cytokines, chemokines, and growth factors were all analyzed. Experimental kits were all conducted in accordance with manufacturers' protocol. Plasma samples from a total of 10 healthy controls, 94 adult and 36 elderly patients were analyzed in this study. Raw data were processed using Millipore Analyst software. Samples were taken at various time points during the course of treatment. All values are presented as mean AE SEM for the respective cytokine concentration, expressed in pg/mL.
Statistical Analysis
All data were analyzed by Student's t-test, one-and two-way ANOVA with a Tukey post hoc test used when 2 or more groups were present. Mann-Whitney was also utilized for nonparametric tests and unequal distribution of data was assumed where appropriate. Categorical data were compared using Fisher exact test and survival curves via Kaplan-Meier. To measure the alterations over time, patients were divided into the following intervals based on sample availability and clinical representativeness: 0-6, 7-14, 15-30, 30þ days after burn injury. Further, both patient groups were divided into moderate burn (<30% TBSA) and severe burn (!30% TBSA) to compare immune alterations relative to injury severity and where applicable early (<14 days after burn) and late (14þ days after burn)-onset sepsis. When considering gender differences, we did not observe any significant differences in the immune profiles between adults and elderly patients and as such was not included in our analysis. Pearson correlations were conducted to explore the association between inflammatory mediators and clinical demographics. Heatmaps are represented as the mean cytokine concentration of normal, adult, and elderly burn groups respectively with data expressed as a function of advancing time after injury and were created in collaboration with Robert Tisma, M.Eng using GNU Octave. All other graphs were created using Graphpad Prism 5.0 (San Diego, CA) and analyzed statistically using SPSS 20 (IBM Corp, New York, NY), with significance accepted at P < 0.05.
RESULTS

Demographics and Clinical Outcomes
When considering the entire prospective patient populace of our burn center from 2010 to 2014, elderly patients had slightly smaller TBSA, but significantly higher Baux scores and greater mortality (mean AE SD: adult: 17 AE 16% vs. elderly: 15 AE 14% TBSA, t (406) ¼ 0.76, n.s.; adult: 61 AE 24 and elderly: 92 AE 17, t (397) ¼ 13.2, P < 0.0001; Kaplan-Meier ¼ 14.94, P < 0.0001; Table 1 and Fig. 1 ), respectively. Elderly patients also had a significantly higher percentage of combined complications ( Table 2 ). Owing to elderly having a significantly higher Baux score, despite having lower mean burn size, logistical regression analysis was used to look at the effect of elderly status on complications. After adjusting for age, TBSA, and inhalation injury, elderly status did not have a significant effect on respiratory, renal, liver, cardiac, and multiorgan failures (Table 3 ). However, when combining the aforementioned complications into 1 group, the elderly were more likely to have comorbidities (P ¼ 0.009). Similar to the above findings, sepsis and pneumonia suggested a greater likelihood of older patients having a greater susceptibility, however only the later reached statistical significance (P < 0.05), which collectively can be attributed to the relatively small sample size.
Delayed Inflammatory Response in Elderly Burned Patients
Relative to healthy controls, burn patients of both groups had up to a 10-fold up-/down-regulation of inflammatory mediators. Cytokine profile showed the emergence of delayed immune response in elderly patients and was consistent for chemokine, pro-and antiinflammation biomarkers indicating a systemic pathophysiology ( Fig. 2A-O) . The acute phase of burn injury was characterized by lower activation of critical immune factors and beyond the third week, inflammatory markers such as TNF-a, IL-1a, IL-6, FLT-3L, GM-CSF, MCP-1, IP-10, and IL-15 were significantly altered (refer to Supplemental Table 1 , http://links.lww.com/SLA/A850 for statistics). Next, we validated our biomarkers by determining whether these candidates correlated with severity of injury. A positive Pearson correlation was found between injury severity and the following cytokines: 
Sepsis
When adult and elderly burned patients were stratified into nonsepsis and sepsis cohorts, we found similar increases in cytokine expression in the septicemia groups for both ages (Fig. 3A ). Exclusively comparing sepsis patients between each age cohort, similar to earlier findings, sepsis did not distinguish the elderly group until after the second week post injury (Supplemental Figure 3 , http://links. lww.com/SLA/A850). An ANOVA test comparing nonsepsis and sepsis adults revealed adult sepsis had greater levels of chemokine expression during early time points (<14 days) including MCP-1 (P < 0.05), IP-10 (P ¼ 0.003), GM-CSF (P ¼ 0.006), EGF (P ¼ 0.002), FGF-2 (P ¼ 0.007), and MIP-1b (P ¼ 0.008). Similarly, pro-inflammatory and other immune cytokines (IL-6, TNF-a, FLT-3L, and IL-2) had similar patterns. Extending this analysis and comparing nonsepticemia and septicemia-positive elderly, despite the sepsis group having slight increases at each time point, there were no significant alterations in early chemokine activity suggesting a delayed immune responsiveness and inability to respond to initial stress. Pro-inflammatory IL-6 was elevated in elderly with sepsis throughout all time points after injury; however TNF-a did not distinguish the groups until 30þ days. Lastly, IL-10 was consistently higher for all time points beyond the first week in sepsis elderly relative to age-matched nonsepsis with Student's t-test revealing significance at 7 to 14 days (P ¼ 0.001) and 30þ days (P ¼ 0.021). This suggests a persistent anti-inflammatory state in sepsis elderly and may be contributing to the dampened/delayed inflammation (Fig. 3A) . By comparing the immune profile of adult sepsis cohort to elderly sepsis over time, adults peaked at earlier time points whereas in elderly it occurred later (TNF-a: adult (7-14 days)-48 pg/mL vs. elderly (30þ days)-45 pg/mL), which is consistent with previously mentioned findings. Similarly, other early indicators of sepsis such as proliferative T-cell factor IL-2 and dendritic cell stimulator FLT-3L appeared to be upregulated in both adult and elderly relative to nonsepsis counterparts with notable increases within the first 14-days post injury (adult IL-2: 0-6 days-P ¼ 0.001; 7-14 days-P ¼ 0.026; FLT-3L: 7-14 days-P ¼ 0.022; elderly FLT-3L: 7-14 days-P ¼ 0.031). The consequence of uncoordinated inflammatory response in elderly with sepsis was further explored by comparing early (0-14 days) versus late sepsis onset (>14 days post injury). While late onset of sepsis in adults had no deaths, elderly had a 75% mortality rate (Fig. 3B ). This observation was further explored by extending these parameters to cytokine proportions. Student's t-test and Mann-Whitney analysis revealed early-onset sepsis was a better measure to differentiate the age cohorts with significance obtained for IL-1a (P ¼ 0.009) MCP-3 (P < 0.05), sIL-2RA (P < 0.05), IP-10 (P < 0.0001), IL-9 (P < 0.05), IL-13 (P < 0.05) (Fig. 3C ). Late-onset sepsis showed differences in sIL-2RA (P < 0.05) and TNF-a (P < 0.001) between adults and elderly. When comparing onset of sepsis in elderly patients alone, late-onset sepsis in elderly had significantly lower concentrations of FLT-3L, IL-12p40, IL-12p70, IL-4, IL-5, IL-9, IL-13, and IP-10 ( Fig. 3C and Supplemental Figure 4 , http://links.lww.com/SLA/A850). Taken together, this data suggest that sepsis is not as transparent as the observed physiological response under noncomplication conditions and the persistent proand anti-inflammatory response presently described may drive this vulnerable population to poorer outcomes. Further, the onset of sepsis should be taken into account when making distinctions between populations.
FIGURE 1.
Elderly patients showed decrease survival relative to adults thermally injured with divergence occurring beyond 30 days (n ¼ 410). ÃÃÃ Significant difference was found between adults and elderly burns (Kaplan-Meier ¼ 14.94, P < 0.0001). 
Mortality
The comparison between survivors and nonsurvivors for both age groups reaffirmed not only the aforementioned delayed inflammatory response, but also other substantial differences. A repeated measures ANOVA of pro-inflammatory cytokine expression between adult survivors and nonsurvivors showed group differences over the length of hospital stay [mortality Â days postburn groups: IL-6: F (1,212) ¼ 36.02, P < 0.001) and TNF-a: (F (1,212) ¼ 6.16, P ¼ 0.014). Specifically, the most profound upregulation in IL-6 (7-14 days: P < 0.001) and TNF-a (7-14 days: P ¼ 0.001) was early during the course of hospital stay (Fig. 4) . These observations were not present in elderly nonsurvivors relative to age-matched survivors. Beyond the second week, adult nonsurvivors had substantially decreased inflammatory markers relative to earlier time points. Elderly nonsurvivors did not display the same response as adults with most markers remaining invariable, with Student's t-test revealing exceptions for IL-6 (7-14 days: P < 0.05), IFN-a2 (15-30 days: P < 0.05), and IL-4 (30þ: P < 0.05). Overall, the elderly immune profile reflected an immune incapacitation. In summary, our data indicate that elderly nonsurvivors do not have an enhanced or augmented inflammatory response, but rather a dampened immune activation.
Predictors of Mortality
Lastly, we aimed to predict whether cytokines are able to differentiate survivors and nonsurvivors in adult and elderly patients. The practice of early wound excision resulting in improved outcomes has been widely accepted for quite some time. 31, 32 With this in mind, we aimed to discover blood markers during early collection time points that could differentiate mortality groups. Within the first 72 hours after injury, using Mann-Whitney nonparametric analysis adult patients showed significant differences between survivors and nonsurvivors for IL-6 (177.6 AE 46.8 vs. 3427.5 AE 2258, P < 0.01), FGF-2 (P < 0.01), FLT-3L (P < 0.05), Fractalkine (P < 0.01), IL-10 (P < 0.01), IL-12p70 (P < 0.05), IL-15 (P < 0.05), IL-1RA (P < 0.01), IL-2 (P < 0.05), IL-8 (P < 0.01), MCP-1 (P < 0.05), MIP-1a (P < 0.05). Nonsurvivors had a notable elevation in all immune mediators and may suggest a predisposition to immune exhaustion and subsequent susceptibility to death. Lastly, proinflammatory cytokine expression in adult nonsurvivors negatively correlated with length of stay (IL-6, IL-1a, and IL-1b). When conducting the same comparison in elderly patients, there were no significant differences reported between survivors and nonsurvivors in the entire cytokine profile. Thus, the lack of early predictors further demonstrates the complexity and difficulty in understanding this pathogenic process in older burn patients.
DISCUSSION
The present study aimed to characterize and differentiate the immune inflammatory response of adult and elderly burned patients throughout their hospital course. In contrast to our initial prediction, relative to adults, the elderly cytokine profile reflected a delayed and divergent immune response beyond the second week after injury consistent for pro-inflammatory, anti-inflammatory, chemokines, and other immune effectors alike. In addition, sepsis in elderly demonstrated a slightly greater presence of particular cytokines 
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Annals of Surgery Volume 264, Number 1, July 2016 and a differential profile based on the onset of sepsis. Lastly, mortality generated a unique characteristic in adults that shows early overactivation followed by depletion predisposing this population to adverse outcomes, however no definitive immune signature could be concluded in the elderly. Aging is a distinctive event that permanently alters the systemic capacity by interfering with homeostatic function. Also known as ''inflamm-aging,'' this chronic inflammatory state of deregulated IL-6, TNF-a, and C-reactive protein expression consequently impairing the ability to fight infections and causing greater complications. 14, 33 This inflammation also manifests neurologically occurring alongside the production of astrocytes and microglia. 34 Other models of the immune response taking place after injury have shown that the initial systemic inflammation is greater, followed by a parallel anti-inflammatory response. 15 Presently, we report that the delayed ''cytokine storm'' and characteristic overexpression of immune mediators in elderly patients several weeks after initial insult may explain the increased incidence of infection, sepsis, complications, and mortality, which has been extensively supported. 18, 20, 35 Consistent with a previous report showing differences between the inflammatory profile of pediatric and adult burn patients, 36 our present data support and extend the notion of an uncoordinated and overactivation response to insult when comparing patients from age-disparate groups. This was consistent for numerous cytokines in both burn and sepsis conditions as shown in Figures 2-4 . Although the precise mechanism is not well understood, it has been proposed that ''priming'' of the immune system due to age-induced chronic inflammation as a driving force, increases vulnerability to negative outcomes. 15 These findings were not limited to serological measures. We have previously published that inflammasome activity increases as a function of injury severity both at the gene and protein levels. 37 Other unpublished data from our group suggest a mild effect showing a dampened immune response in elderly using excised white adipose tissue taken during the first week after injury characterized by lower proportions of IL-1b þ and caspase-1 þ macrophage compared with adults. Concurrently, these observations directly relate the alterations in blood to adipose tissue-specific inflammatory mediators from the site of injury. With these alterations in tissue directly correlating with length of hospital stay, it suggests a prospective approach to predictive indictors of clinical course.
The immune-senescent state of the elderly cohort (as defined by the decrease in number of whole body leukocyte count relative to adults) entails their hampered ability to mount a robust immune response against external insults. 38 Thus, in an attempt to produce a potent immune response, theoretically, each individual white blood cell of the elderly's immune system would have to function at a FIGURE 3. Immunological profile of adult and elderly septicemia patients. Comparing adult nonsepsis and sepsis burn patient's showed significant increases in inflammatory (IL-6, TNF-a, IL-10), chemokine (MCP-1, IP-10, GM-CSF), and other immune mediators (FLT-3L, IL-2) early after injury (0-6 and 7-14 days). Elderly nonsepsis and sepsis patients showed very similar cytokine expression over time with early significance found for IL-6, IL-10, FLT-3L and later (>14 days) for TNF-a, and IP-10. (A). Kaplan-Meier survival curves for early-and late-onset sepsis and for both adult and elderly groups. Early-onset sepsis for both age group resulted in approximately 80% survival, however, a striking difference was observed when comparing late-onset sepsis with elderly, supporting a 30% survival (B). Extending the comparison of sepsis onset to cytokine analysis, early (0-14 days) versus late (>14 days) sepsis onset was compared for various immune mediators. All cytokine presented were found to be significant and the lower concentration of late-onset sepsis elderly suggest a dampened response contributing to mortality (C). Dashed red lines represent healthy control mean values and sepsis data are represented as mean AE SEM, Ã P < 0.05, ÃÃ P < 0.01, and ÃÃÃ P < 0.001 relative to nonsepsis for each respective burn age group.
greater-than-normal capacity to achieve an immune output comparable to adults (due to the differential leukocyte count). This overload on the elderly leukocytes, despite the delayed production of effector molecules (as shown by the surge of cytokines in the later stages of the pathophysiology from our data) bankrupts the elderly's immune potential consequently making them susceptible to future insults, rendering them to an ''immune exhausted'' state. As immune activation post injury is required to ensure protection and survival of patients post-thermal injury, we postulate the overall immune phenotype and the clinical outcomes observed in the elderly may be attributed to the phenomenon of the aforementioned ''immune exhaustion.'' This notion would explain why elderly burn patients with late-onset sepsis had such a striking mortality rate (Fig. 3B) , a consequence of depleting the necessary immune reserve required to mount an adequate response and ultimately succumb to their injuries.
Other reports have also shown that early rapid decline is one of the best predictors of fatal outcome. 39 The immune response assessed within 72 hours post injury between adult survivors and nonsurvivors suggests an exaggerated response for pro-inflammatory, anti-inflammatory, and chemokines, although with no distinguishable differences between the 2 groups. Albeit interesting, the difficulty with this finding is that no parallels can be drawn from the results of the adult cohort to the immune output of elderly patients. In fact, older individuals display an inverse relationship with decreased responsiveness at the characteristic early phase (within the first 14-days) and an overall ''immune exhausted phenotype'' that is likely the culprit predisposing this vulnerable population to complications and inevitable mortality. 40 Previous studies have shown that the first 3 days after injury are associated with alterations in IL-6, IL-12p70, and TNF-a, which collectively FIGURE 4. Cytokine distribution of survivors and nonsurvivors over time showed an early (<14 days) elevated expression in adult nonsurvivors for IL-6, TNF-a, IL-1a, IFN-g, IL-1RA, and IFN-a2. They further supported immune exhaustion in this group with IL-1a, IFN-g, IFN-a2, and IL-4 showing lower expression than survivors and healthy controls beyond 14-days after injury. Elderly survivors and nonsurvivors showed near-indistinguishable difference for all cytokines over the coarse of time and further proposed a nonresponsive immune profile compared to adults for inflammation (TNF-a, IL-1RA, IFN-g, and IL-4). Dashed red lines represent healthy control mean values and nonsurvivor data are represented as mean AE SEM, Ã P < 0.05, ÃÃ P < 0.01, and ÃÃÃ P < 0.001 relative to survivors for each respective burn age group.
Annals of Surgery Volume 264, Number 1, July 2016 predicted mortality in pediatric burn patients. 41 Presently, we expanded our initial survivorship analysis ( Fig. 4) to compare cytokine alterations within 72 hours after hospitalization to determine, if initial tissue collection would distinguish the elderly groups. This approach accounted for the possibility that this timeline may not reflect the same dampened response as observed within the 0 to 6 day group. Much to our surprise, there were no significant differences between elderly survivors and nonsurvivors, and further supports older patients warranting independent characterization. At this time, we are unable to speculate the underlying processes driving this response in the elderly. Rather, we presently report the observed pattern/trajectory of immune response to burn in elderly and support the necessity for new approaches to be implemented to predict outcomes due to cytokine appraisal of blood may be too late. In summary, the ability for the cytokine storm occurring within the first few days to differentiate outcomes in adults only supports that the dampened immune response in elderly not only assimilates complication groups but it also supports the digression of the survival curve beyond the first month. An elegant study conducted by Faist et al 42 showed that the immune stimulation in elderly patients undergoing surgery, results in increased lymphocyte proliferation and cellular immune response. Perioperative administration of immune activating thymopentin also reduced severity of infection in elderly. 43 Similarly, septic shock has been shown to result in depression in the capacity of the pro-and antiinflammatory response. 44 Anticipating a delayed immune hyperactivity does not reflect mortality predisposition and rather can be described as a ''failure to launch'' phenotype. However, the complete absence of cytokine production may predispose this cohort to fatal outcomes. Both sepsis and mortality subgroups supported the exhaustion phenotype presently observed ( Figs. 3 and 4 ). Ongoing investigations are being conducted to determine the culprits responsible for the prevention of early immune responsiveness in the elderly. Our present findings suggest that exploration of immune activating agents is lacking. In addition, we need to conclusively determine whether ''jump-starting'' the immune system would promote homeostatic balance during the acute phase. Other tissues may also prove to be better outcome predictors that overcome the temporal delays of cytokine detection in blood. Importantly, the unique profile of elderly burn patients warrants its own clinical management and supports the previous notion of ''age-adapted'' therapies to target morbidity and outcomes. 45 This study demonstrates a delayed and divergent immune response in elderly burn patients. It also supports the notion of an increased susceptibility to secondary infections and complications due to this late overactivation in chemokines and pro-inflammation. However, some of the limitations of the present study include that elderly have various comorbidities and it is unclear how these comorbidities affect the inflammatory a priori. Premorbid conditions have been shown to be present in 85% of patients over 65 years old. 46 In addition, our present cytokine absolute proportions differ from previous publications in burn patients. 10, 36 This discrepancy may be attributed to the individual multiplex platform/instrument used per study and the variations in handling/processing of blood collection. These factors will collectively contribute to alterations in the absolute concentration reported in the independent studies; thus cross-study comparisons of absolute cytokine concentrations are not recommended. Although noting this technical limitation, we report concentrations and compare adults relative to elderly burn patients in our present study. Furthermore, healthy control samples were used as an added measure to compare the inherent relative values and should be treated for analysis as such. Although equal proportions of age-matched controls were not presently used, alterations between healthy adult and elderly have been extensively reported with older individuals having greater inflammation and baseline cytokine concentrations. [47] [48] [49] Retrospectively, the time points of our blood sampling may have missed crucial ''windows'' where an exacerbated inflammatory response would have been observed. Also, serum and plasma represent an accumulation of many sources from the body and it is not clear how these cytokines correlate with actual cell functions. Efforts overcoming these translational hurdles should be investigated in subsequent studies to further our understanding and implementation for the pathology and care for elderly patients', respectively.
In summary, this study shows an impaired immune response and exhaustion phenotype in elderly burn patients, which unfortunately, lacks biomarkers to predict sepsis and mortality. It further demonstrates the urgent need for new and age-specific treatment options that will stimulate both the immune responsiveness during the acute phase of injury and subsequent vigilance against infection and sepsis for this vulnerable population. Early excision and autografting of all wounds to avoid immune depression in the elderly patient cohort is paramount. Subsequent analyses should be designed to unravel the mechanisms suppressing normal immune activation and the culprit driving the exhaustion profile in nonsurvivors.
